The objective of this article is to assess farm efficiency and productivity change in specialised large farms located in the region of Mazowsze and Podlasie during the years 2014 − 2016. For this, we used the non-parametric Data Envelopment Analysis (DEA) method and Malmquist index. Calculations were performed for three types of large farms classified as: field crop, pig and dairy. The study shows that mean technical efficiency of large field crop, pig and dairy farms amounted to 80, 75 and 70%, respectively. Technical inefficiency of field crop farms come mainly from scale efficiency, while of pig and dairy farms equally from pure technical and scale efficiency. It shows that inefficient management practices had an impact on farm performance. Therefore, in order to increase competitiveness of farms, an improvement of management practices is required. In the studied period the share of farms operating under increasing return was as follows: 67, 72, and 81%, respectively for field crops, pig and dairy farms. The improvement of efficiency of those farms could be achieved by increasing their size. The results indicate that 8% of field crops, 12% of dairy and 16% of large pig farms were operating under decreasing scale efficiency, which means that those farms were operating above the optimal scale. The increase in their efficiency could be achieved through size reduction. In dairy farms the average annual productivity growth of 2% was recorded. In pig farms the productivity reduction of 5.4% was observed. It was the result of a decrease in technological efficiency.
Introduction
Efficiency and productivity assessment for different sectors is very important in practice because it allows to control production. Therefore, it has become a key research field (Toma et al., 2017) . There are two main approaches to measure productive efficiency i.e. parametric and non-parametric (Malana & Malano, 2006) . The estimation of parametric production function is based on stochastic frontier analysis (SFA), whereas the non-parametric on linear programming. Data Envelopment Analysis (DEA) estimates the efficiency using a non-parametric technique (Charnes, Cooper, & Rhodes, 1978) . The main advantage of DEA method is the requirement of only a limited number of a priori assumptions regarding the functional relationship between inputs and outputs overcoming some disadvantages of the parametric approach (Gadanakis et al., 2015) . Therefore, DEA methods have been commonly applied to agricultural sector ( The aim of the present study was assessment of efficiency and productivity changes of large farms with different specializations in the region of Mazowsze and Podlasie in the years 2014 -2016. To achieve this, we applied DEA models to the obtained efficiency scores and Malmquist indices to assess the productivity growth. Some analyses were performed to calculate the efficiency and productivity of Polish farms using simple standard efficiency indicators. However, to our knowledge, there are not existing studies in Poland analysing efficiency and productivity of the farms in the region of Mazowsze and Podlasie according to their economic size and specialization using DEA method. Thus, this paper makes an important contribution in this area. The article is structured as follows: the next section presents the materials and methods in detail; the third section presents efficiency results and discussion: and section 4 offers some concluding remarks.
Materials and Methods

Study area
To perform analysis based on Farm Accountancy Data Network (FADN), the region of Mazowsze and Podlasie has been selected which is assigned the number 795 (Commission Regulation 2009). The region includes four voivodships, namely: mazowieckie, podlaskie, lubelskie and łódzkie. This area has been chosen to study because: a) the utilized agricultural area (UAA) of this region accounts for about 37.2% of the country's UAA, b) 29% of the Polish population lives on this territory, c) 30% of Polish population is employed in agricultural sector, d) 32% of crops of basic cereals come from this region, e) 48% of cattle and 26% of pig stocks are located there (CSO, 2017). In 2016, in the region of Mazowsze and Podlasie the number of applicants who submitted applications for payments amounted to 43% of all applying, and the declared area in hectares was 36% of country UAA. Moreover, payments under the single area payment and greening were 37% of national expenditures in the frame of Common Agricultural Policy (CAP). 
DEA model specification
The DEA methods were used to assess farm efficiency and productivity changes in the region of Mazowsze and Podlasie. DEA constructs the best practice frontier in the given set of data so the best performing farms form the envelope (i.e. the frontier). Next, it calculates the farm efficiency scores in respect to this frontier (Charnes, Cooper, & Rhodes, 1978) . The concept of efficiency relates to the distance of the farm from the production frontier: a small distance indicates high efficiency, whereas a large distance presents low efficiency. Efficiency (total, pure and scale) indicators range from 0 to 1. The fully efficient farm received score 1 (i.e. on the frontier) and a larger score presents a higher efficiency. The score lower than 1 points out to what level the inputs could be reduced and still produce the same quantity of output. A farm technical efficiency (TE) score was calculated under the assumption of constant returns to scale (CRS). The TE was divided into two scores: pure technical efficiency (PTE) and scale efficiency (SE). PTE was estimated under variable returns to scale (VRS) and referred to management practices. SE, at the same time, was the ratio between TE and PTE and presented the potential scale economies accessible to the farm.
The DEA has two alternative orientations: input and output (Charnes, Cooper, & Rhodes, 1978) . The input-oriented model estimates the proportional reduction of applied inputs while output remains unchanged. The concept of output-oriented model is to using the existing technology to produce the highest level of outputs from a given combination of inputs (Toma et al., 2017) . Some researchers stated that input-orientated model is more appropriate for agriculture because it depends on limited inputs (Malana & Malano, 2006; Toma et al., 2015) and in the production process farmers have more control over input rather than output (Syp et al., 2015) . Others pointed out that it is easier for farmers to adjust their final outputs than the volume of inputs and, therefore, selected output-oriented model (Fogarasi & Latruffe, 2009 ). However, Coelli et al. (2005) noticed that outcomes from both models are comparable, therefore, the choice of orientation is not crucial. Additionally, DEA enables to estimate under which returns to scale each farm operates: constant (CRS), decreasing (DRS) or increasing (IRS) ones. Our analysis proceeded in the following order: first the efficiency scores were calculated by using technical, pure technical and scale efficiency. The second step included the estimation of farms' scale of operations. The third -the use of Malmquist productivity indices to calculate of productivity changes. The Malmquist total productivity index (TFP) was divided into the technological change index (TC), which assessed the shift of the frontier over time, and TE change index, which measured variation in TE efficiency (Färe et al., 1992) . Next, TE change index was spread out into change of PTE and SE. Scores equal to 1 presented no change, higher than 1 -development, while lower than 1 -regress. The average change indices were expressed as geometrical means.
Data sets and variables
The study employed data from the Polish Farm Accountancy Data Network (FADN) for the period of 2014 -2016. The database provides information on the physical and economic performance of farms in Poland. The research covered only those farms that were in the FADN system throughout the whole period taken into account. The analysis was performed for three types of farms based on their production specialisation: field crop farms (TF1), dairy farms (TF 5) and pig farms (TF 71). The criterion for classification of the agricultural holdings is that at least 66% of standard output (SO) from specific production of type farm must contribute to the total output of the farm. Then, from the group of farms selected for further analysis only large farms were chosen -with SO values more than 100 and less than 500 EUR K. The DEAP software was used to calculate the efficiency and productivity change indices of selected farms.
Results and Discussion
The first step of our analysis involved calculation of the technical efficiency in order to provide information for potential improvements. The summary results of the DEA efficiency scores are presented in Tables 2 -4 . Because the maximum score of TE was 1, only minimum values are presented.
In the analysed period, the field crop farms were more technically efficient than dairy and pig farms. In 2014 -2016 the field crop farms had a mean technical efficiency of 0.799, meaning they could reduce their inputs by 20% and still produce the same level of outputs.
In pig and dairy farms the reduction mean potential for input savings amounted to 25 and 30%, respectively. For individual years, we recorded the variations in average scores. In 2015, the highest scores were recorded for field crop and pig farms. It was mostly due to good climatic conditions for cereal cultivation which is mainly grown in these types of farms. However, the drought in the second part of 2015 caused very bad conditions for regrowth of vegetation on pastures, and resulted in lower technical efficiency scores of dairy farms. In the period of 2014 -2016, the average coefficients of variation in all farm groups were on the same level, i.e. 0.21, which indicates the comparable distribution of technical efficiency scores through the samples. Similar rankings to technical efficiency averages were noted for PTE and SE indicators. However, only in the crop field farms the value of PTE increased year after year, which indicates that the management has been constantly improved. Source: authors' calculations based on the FADN data.
they were too small. Thus, the important conclusion of these outcomes is that these farms can achieve efficiency growth by increasing in size. The results also indicate that the shares of farms operating under DRS were as follows: 8, 12 and 16%, respectively, for field crop, dairy and pig farms. This implies that these farms were too large and could gain efficiency by size reduction. The average TFP changes were as follows: 0.948, 0.998 and 1.020, respectively, for pig, crop field and dairy farms. The figures indicate that productivity in pig farms decreased by 5.2% for the yearly scores between the first year and the next, whereas in the field crop farms only by 0.2%. The small increase of TFP was recorded for dairy farms and equalled by 0.2% each year. The decrease of TFP indices in pig and field crop farms was mainly due to the technological deterioration because the values of TE change indexes were above one. The further breakdown of TE change index shows that the main source of efficiency increased in pig farms was growth of SE by 4.3% and TC by 2.2%. In the field crop farms TE changes were only due to the growth of SE (+3.6%) which offset the decline of PTE indices. In the dairy farms the rise of TE change index resulted from the technical improvement (+3.3%) because the SE index dropped (-2.7%). This implies that farmers ameliorate their farming practices by reducing the input used and scale efficiency.
The input and output data applied in our study are consistent with the data applied by Dakpo et al. based on data from 2010. The average UAA of filed crop farms was 148 ha, whereas of dairy farms -96 ha, i.e. 33 % larger than Polish dairy farms. So the data from this study could be comparable with our outcomes. The average TE of Polish crop field and dairy farms were higher respectively by 14.9 and 4%. The average PTE score of field crop farms was higher by 9.1%, whereas in dairy farms lower by 0.4%. Despite the fact that both PTE scores were high and there was little difference between them, there is a place for improvement of management practices. In Vasilev et al. (2008) studies the efficiency scores were calculated for Estonian grain farms in which UAA were above 180 ha. Therefore, all the results of this study could be referred to our analysis performed for the large filed crop farms. The averages of productivity change indices are the geometrical means. Source: authors' calculations based on the FADN data. under increasing returns to scale. The growth of their efficiency could be realized by an increase of farm size. 5. In the studied period, only in dairy farms the average productivity growth of 2% per year was recorded. This increase was due to both technical and technological efficiency improvements. In pig farms the productivity reduction of 5.4% was observed. It was the result of a decrease in technological efficiency. There was no change in the productivity of field crop farms.
